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VOLTAGE-CURRENT CHARACTERISTICS OF ~ 
GaAs DIODES AS A FUNCTION OF TEMPERATURE 
•- NOOTAN C. PAREKH 
ABSTRACT· 
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,I 
...:--
" Temperature dependence of the V-I characteristics· 
has been investigated ~nd analyzed in the temperature 
0 0 0 
. 
· range of 190 K - 450 K. At 77 K, from the calculations 
·of unionized impurities it is shown that P-N junction 
becomes I-N junction. 
The first order theory appears to give reasonable 
agreement with the experimental results. The diodes under 
J ..... 
consideration are found to conduct mainly due to re-
·, 
combination and generation of carriers. Minority qarrier 
life times are calculated at different temperatures and 
are found to be of the order of 10-12 sec. At low bias, 
only surface currents of the order of 10-8 amps. are 
present. In the reverse directions currents due to 
generation of carriers are found to be very small. The 
temperature coefficient of breakdown voltage has been 
calculated and is found to be in close agreement with the 
values found for Si. 
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Ll·ST OF SYMBOLS 
-19 
• Electron charge c 106 x 10 coulombs q 
k c Boltzman's factor~ 1.38 x 10-23 Joules /°K 
T = Temperature in degrees Kelvin 
I = Saturation current 
. 8 
n1 = Intrinsic carrier density 
J; = Minority carrier life-time 
V0 = Contact potential ·1 
W0 = Space charge width at zero bias 
W = Space charge width 
Ji, = Resistivity of P-type 
f,, = Resistivity of N-type 
/"1'! = Mobilit;, of electrons 
Ap = Mobility of boles 
n = Unionized acceptor density a 
nd"~ Unionized donor density 
Na= Acceptor concentration 
Nd= Donor concentration 
l 
' 
np = Minority carrier concentration on P-side 
p0 = Minority carrier concentration on N-side 
C0 = Junction capacitance at zero bias 
C = Junction capacitance 
€
 
= Dielectric constant 
A = Junction area 
Jr = Recombination current'-density 
Jg= Generation current: density 
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'J 
-
Surface current density 8 
l . ~ 
JD - Diffu.sion current den.sity 
. E . 
- Energy gap -g 
" 
Ne - Effective density of states in conduction· band 
~= 
Effeetive density <Jf • valence band states in 
M = Multiplication factor 
\\ . 
== Temperature coefficient ··of bre~kdo'wn voltage , 
I 
V = Breakdown voltage B 
E = Electric field i 
7J = Velocity 
EFN 
EFP 
Ea 
Ed 
-
-
-
-
-
Fermilevel in N-type 
Fermilevel in P-type 
Acceptor ionizatio~ energy 
Donor ionization energy 
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VOLTAGE-CURRENT CHARACTERISTICS OF 
GaAs DIODES AS A FUNCTION OF TEMPERATURE· 
I • 
NOOTAN C • P AREIQI . \. 
ABSTRACT 
Temperature dependence of .the v~I characteristics· 
has been investigated and analyzed in the temperature 
ra:rige of 190,0 I< - 450°K. At 77°1<, from the· calculations 
of unionized impuriti'es it is; shown that" P-N junction 
~ 
becomes I-N junction. 
The first order theory appears to give reasonable 
agreement with the e2cperimental results. The diodes under 
consideration are found to conduct mainly due to re-
combination and generation of carriers. Minority carrier 
life times are calculated at~different temperatures and 
are found to be of the order of 10-12 sec. At low bias, 
only surface currents of the order of 10-B amps. are 
present. In the reverse directions ·currents due to 
generation of carriers are found to be very small. The 
.. ,: temperature coefficient of breakdown voltage has been 
calculated and is found to be in close agreement with the 
values found for Si. 
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. 1. INTRODUCTION ... 
Gallium Arsenide (GaAs) is one of the nine III-V 
semicondqcting compounds. Its advantages over Si and Ge 
• i 
include fast _switching and high temperature ·operation. 
The purpose of this thesis is to investigate how 
closely the GaAs diodes follow the first order·diode 
, ' 
theory. Here an, attempt is made to explain some of_ the. 
, 
characteristics due to change in temperature. Variation 
of life time as a function of t~perature is calculated 
from recombination currents. In the reverse direction 
multiplication phenomena were observed and calculations 1-
( . 
f"', 
of· temperature coefficient of breakdown voltage are made 
and explained. For the characteristics analyzed, close 
relation betweens. and GaAs diodes can be seen. 
1 
2 . MEASUREMENT TECHNIQUES 
_,._ 
The measurement of V-I characteristics were divided in 
to two main parts, because of the problem of overheating 
the device. The two parts are (1) Low and moderate biasing 
and (2) High level biasing in forward direction. 
The simple circuit shoivn in Figure 1 was used to me4)1ure 
the V-I characteristics at low and moderate biasing at-
different temperatures. The characteristics of three GaAs 
diodes were obtained and are shown in Figures 2,_3_~nd 4. 
Above 450°K these diodes were not functioning properly because 
they were not m~nufactured for operations at high temperatures • 
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Schematic diagram of the circuit used for the measurement of low 
·and moderate biasing. · 
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31-D-21 at specified temperatures 
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This difficulty could have been due to contacts. 
For high level biasing in forward dirction, high 
frequency-rectified sine waves were used. Photographs ., 
of the characteristics are shown in Figs. 5 and 6. Bias 
voltage i·n excess of 2. ~ volts was not applied due to high 
currents at this voltage. Orie set of characteristics has 
been analyzed since all three diodes showed similar 
..... ., 
results. 
Temperatures referred to in this work are those of 
the diode and not of the junction. It is assumed that the 
junction temperature is equal to the diode temperature. 
The temperature measurements were made·· by Aluminum-Chromel 
thermocouples. 
The specifications of series-31 diodes are shown below . 
• 
,\ .. 
.J:s= 15 Ohms/a with diffusion depth of 2 microns (Zn diffused) 
J:, = 0.0008.CZ.- Cm. (Te doped) ~ 
~O = 3.0 X 104 - 7 X 104 pf/Cm2. 
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3-. ANALYSIS AND DISCUSSION 
The- physical characteristics of the diode are obtairied 
fran specifications referred to above. The donor 
concentration Nd and acceptor concentration N8 may b~ 
obtained from k:noim resistivities fl , ft and the as·sumed 
... values of mobilities fi"' and )'p . Figure 7 shows ho'tv e lee tron . 
., mobility varies with concentration5 . Assuming that both 
sides are heavily doped the mobilities 
approximately5, by 
~ = 4000 em2/v-sec 
.. 
,)4.r= 400 em.2/v-sec 
Thus 
., 
are given, 
J 
· Nd ='/,).,,fl,• 1.95 x 1018 electrons/:.c. 
and 1 18 N8 ='IJll'}J, = 5.2 x 10 holes/c.c. 
(1) 
(2) 
(3) 
For the calculations of minority carrier concentration 
it is necessary to know the intrinsic carrier concentration. 
This may be ca~~ulated fr.om 
ni2 = NV NC exp (-Eg/kT) 
19 where _ .. 
- ~ = 2 (2 1l' Km/h2)3/2 T3/2 (m";,./m)J/2 
Nc = 2 (2 1T Km/h2) 3/ 2 T3/ 2 (m:/m) 3/ 2 
* * S · 14 and me= .06 m , mh = •·u mfor GaAs • Thus 
N = 1.71 x 1015 x (T) 3' 2 V / 
N = 0.71 x 1015 x (T) 3' 2 
.c 
· ' Bence eqn. (4) reduces to 
- nf = 1.21 x lOJO Tl exp (-Eg/kT) 
(4) 
~ 
(5.) 
(6) 
(Sa) 
(6a)· 
"<4a) 
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Fig. 7 Dependence of electron mobility on impurity concentration in GaAs. 
(After Ref. 5) 
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Energy gap, Eg, can be measured by various methods. 
For GaAs,the value of E at room temperature, different . g 
/ methods yield different values varying from 1.35/ev. to 
1.58 ev. 5 A reasonable agreement of the value of Eg with 
other experiments at temperature Tis given by14 
·' . -4 E • 1.52 - 4.9 x 10 T ev. 
,g 
0 
• 1.37 ev. at Tm 300 K • 
• 
This valti~\ of Eg gives n1
2 
= 6 x 1012 ·· at T a 300°K. 
Hence minority carrier concentration may be obtained by 
2 Pn = (ni /Nd) = 3.07 X 10-6 holes/C.C. 
np = (ni2/Na) = 1.15 x 10-6 electrons/c.c. 
• 
, From the knovm concentration the contact potential, 
V0 , may be calculated
19
. 
NN V0 a (kT/q) (ln di> 
ni 
~ 1.37 volts at T = 300°K 
• 
(7) 
(8) 
(9) 
(10) 
Note that the value of the energy gap is approximately 
equal to V
0 , which is due to large number of impurities 
present. 
For the calculations of space charge width it is 
·necessary to kno~;, tl1e type of junction. This can be 
determined with the help of -capacitance measurements. 
I 
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capacitance of a junction varies according to 
C/C • 1/(l~V/V )1/ 2 
0 0 
C/C = 1/(l~V/V )l/J 
0 0 
" for a step junction 
for a graded junction 
~· I 
Fig. 8 c~pares the measured values and the calculated 
, I 
· values of eqns. (11) and (12) • 
For example at V = 0.4 volts eqn. (11) yields 
while eqna (12) gives 
C/C0 = lol2 
.Comparing the measured value of C/C0 at 0.4 volts, 
eqns. (lla) and (12a) give percentage errors of 12.81o 
and 17.6%, respectively. In the same manner Fig. 9 
shows that a lower percentage error is obtained for 
the step junction approximation than for the graded 
junction approximation. Hence in the following analysis 
it is assumed that the diode has a step junction. 
Thus, the space charge width at zero bias may 
be shown to be19 
w = 0 
1/2 
a 3.68 X 10-6 Qn. 
The capacitance of the junction is 
.r. -· 
(11) 
(12) 
(lla) 
(12a) 
(13) 
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~ . __J 
/.•- I 
,• 
. 
... 
1ii, s .. ,... 
··"· 
·" 
.. 
. • • •l•''j~-. 
.... 
• 
• 
)' 
·-
,. 
• - 12 -
'1. 
. ~· 
.~ ~ 
--
.. 
I ,- ••. 
4 !Step .J lA.."C. f\pf). 
0 Grra.de d J\.l'r\c.. t>-,p . 
0.8 
0.6 
r' 
• .. 
0.4 
. ,· ., 
0.2 
-7.0 -6.0 -5.0 -4.0 -3.0 -2.0 -1.0 0 LO W 
V-...... (Vo\t-s) 
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\. ' Nd Na E: q C /A ~ ., = --' ~ .. : G (Nd + Na) 2V0 
1/2 
• S x 10-7 Farada/em2 
The value obtained in eqn. (14) is well within the 
range of specified values of capacitance per unit 
area. 
,,., 
. . . The junction area, A, may be obtained from 
A. Total capacitance (Cm2) 
Capacitance/Area 
-6 2 
• 6.6 X 10 Cm 
Note that in the above calculations 0.5 pf. had 
been substracted to allow for case capacitance. 
Eqns. (14) and (15) give C0 = 3.0 Pf• 
For the analysis it is necessary to know 
whether or not the acceptor and donor impurities 
are completely ionized at temperatures of interest. 
It may be assumed that at and above room temperature 
all the impurities are ionized, but this is not so 
for low temperatures. 
The number of unionized impurities n8 and nd are 
given by21 
Na 
D •-----------~,----------~~ 
a l + (1/2) exp (iEFP - Ea)/k~ 
I,. 
-~: 
-~----______ :! -- -
(14) 
(15) 
l 
(16) 
:,,. 
i 
·"' . 
( 
\ 
.. , 
- 14 -
• i 
. '···~ 
,,, ·.,. ·~.,, 
aad 
- - - ---
·where 
·SN 
1 + a 
N exp rE / (kTjl V, \.:a !J 
In GaAs the donor (Te) level and acceptor (Zn) level 
lie at 0.003 ev. and at 0.08 ev. frOID the conduction 
band and valence band respectively5 • Substituting these 
values in eqns. (18) and (19), at T = 77°K and at 
0 T = 190 K the values of EFP and EFN are 
and 
· Hence 
and ~v 
EFP ~ 0.04 ev. at T = 77°K 
EFN = 0.042 ev. at T = 190°K 
EFN a 0.02 ev. at T = 77°K 
EFN = 0.0237 ev. at T = 190°K 
18 0 
n8 • 4.9 x 10 holes/c.c. at T = 190 K 
... 
( 17) 
(18) 
(18a) 
(19a) 
(16a) 
17 . 0 Dd • 2.3 X ~0 electrons/C.C. at T = 77 K (17a) 
... 
. \ 
. ;a 
•• 
- 15 • /l 
Eqn. (16a) shows that 95% of acceptor inpu~ities are 
not ionized and only 5% (3 x 107) are ionized at 190°K. 
0 
. 
· This may suggest that at 190 K a f-N jun~tion d:oes not exist. 
But this is not so, since the value of intrinsic carrier 
concentration also goes down ~th temperatureo In fact 
at T = 190°K the value of n. 2 is .0171. From this it is l. 
seen that the majority carrier concentration on the P 
side will be considerably larger than the minority 
carrier concentration and all the current will be 
0 conducted by holes. This proves that at T = 190 K 
P-N junction does exist. At 77°K the number of unionized 
acceptors are equal to the total number of acceptors and 
the P region becomes intrinsic. In the above discussion 
the N region is not discussed since the ionized impurity 
concentration on this side is larger than on the P side 
and if a P region exists an N region would exist also. 
Eqn. (17a) shows that at 77°K an N region does exist and 
the P-N junction becomes an Nc,I jufJlction. 
,,-1, 
Due to the change in effective impurity concentration 
0 V and W should be calculated again for T = 190 K. Note 0 0 
that at 77°K a depletion region does not exist. From 
eqns. (10) and (13) 
V = lo36 volts (T = 190°K) 0 
W = 9.7 x 10-6 Cm.(T = 190°K) 0 . 
' 
:! 
. . ftlr . 
(lOa) 
(13a) 
"/ 
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The change in contact potential does not seem much 
0 till one canpares it with the energy gap at 190 IC '\vhich 
is about lo42 voltso Note that at 190°K, due to change 
in effective concentration tl1.e space charge width, W0 , 
... ., 
is about three times larger than ~ound before. 
From the above p:eiiminaries, characteri~stics shown 
"'· 4 1 in Figures 2, 3 and 4 can be analyzed. Note that at any 
.• 
.bias, current through_ the diode may be considered to be 
made up of three currents \ 
\ J •JS+ Jrg + JD 
The maximum current through a diode is limited by 
.. the resistance of the diode. This resistance is made 
up of those of P and N regions and the resistance of 
contacts. 
In the analysis to follow, characteristics shown 
in Figures 2, 3 and 4 are divided in to two main parts, 
viz., (1) Forward bias and (2) Reserve bias • 
. 3.1 FOR~lAPJJ BIAS 
The V~I characteristics at low and moderate forward 
-bias are replotted in Figures 10, 11 and 12. It can 
be seen that these characteristics can be divided in to 
two parts accordiQg to two distinct slopes. At room 
temperature this knee occurs at about 0.8 volts. As 
temperature increases this voltage decreases •. Hence ~. 
the characteristics in forward direction may be divided 
"'· . 
~ ·- .... _ 
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in to three parts, viz., (1) Low forward bias (2) Moderate 
forward bias and (3) I-ligh fol.t·J'ard bias,. 
. ' ..,.... -. ·- -
• _..-, --=•-C ,--·-·· ---- .. · ' ,-_,~-,L •-' i In general the slope in;Figures 10, 11.an(\ 12 is given 
-. 
by 
y • ln~1/I~ 
Vl - V2 
(21) 
For the low forward bias the slope is approximately 2.69 
0 at T = 300 K. In this region current must be dominated .. 
by one of the three currents mentioned in eqn. (20). The 
recombination current varies according to1 
' (' 
Jr • (if/2) (kT/qE) (qn1/,;) exp (qV/2kT) (22) 
where 
V - V 
E = 0 (Volts/Cm~ 
w 
From eqn. (22) it is seen tb.a"i: ln(Jr) varies according 
to (qV/2kT) which is equal to 20 x V at room temperature. -~ 
Hence the currents belo'tv the knee are not dominated 
byfrecombination currents. 
Diffusion currents follow 
J = J ,(exp (qV/kT) - 1) D s (23) 
For the forward bias ln(Jd)essentially follows (qV/kT) 
~' 
which is equal to 40 x Vat room temperature; hence the 
~ currents obtained at low forvJard bias are not due to 
diffusion. After discarding two currents from eqn. (20), 
it becom.es, 
J=J 
' 8 ' . ... , . . ...:· (20a) 
I 
--r \ ... "I.~ I• 
-· ' 
• 
.... 
·' 
-:.' 
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• 
This shows that at low forward bias the currents are 
aainly due to surface curre11ts. This phenomenon is very 
complicated since tl1e currents arising due it are very 
. ) 
-------~---·-----~ --
.· small and are not possible to separate from body currents. -( 
These currents are found to be mainly due to recombination, 
· · 18 but are limited by surface resistance 
• These recombination 
. 
currents also vary according to (eicp qV/2kT), hence. the currents 
in low biasing region must be limited by surface resistanca. 
This may be seen by replotting the Fig. 10, as Fig. 13. 
As approximated by dashed line in Fig. l3 at a low forward 
bias almost a straight line with a slope of 45° is obtained. 
The deviation in straight line could be due to the recombination 
currents that are present. From Fig. 13 the surface resistance 
is found to be 
• 
R =ta 1.14 X 107 (ohms) (24) 
To reduce surface effects, the surface resistance should 
be made as large as possible. 
At moderate forward bias, the slope changes and becomes 
Y -= 23.8 (T = 300°K) (21a) 
':t (1/2) (q/kT) 
From the previous discussion of currents, it is seen 
that these currents are due to recombination currents. It 
is also possible that these currents are due to high level 
injection. For high level injection to occu; minority carrier 
concentration should be approximately equal to ma1ority carrier 
,/ 
\ 
. ·-· . .( 
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c.onc41ntration. Fo~ example for N-type 
N.2 
·-·--:~--------. -~-·-- . p0 == Nd = N~ exp (qV/kT) · -(25)-· - -------· .. 
- . ; 
l-'1!"" ...... _,._. _,. 
For eqn. (25) to:hold V must be of the order of 1.4· 
volts at room temperature. Hence it may be concluded 
that at moderate forward bias (0. 8 V ~ V ~ 1. 2 V) currents 
a~e mainly due to recombination • 
. tl, 
The minority carrier life time may be calculated 
£rem eqn. (22). Solving for J;,, eqn. (22) gives 
, -23 
·~ == 2.17 x 10 (Tn1/JrE) exp (qV/2kT) sec. 
From eqns. (4a), (7) and (13) J;, can'· be obtained 
(22a) 
as a function of temperat_ure. For V = 1 volt, ·e·qn. (22a) 
·· reduces to 
·A_.·.·"· ..... 
·~ 
5/2 · 
J; = 9.2 X 10-18 ~ exp((0.27 X 1~4 + 2.55 T)] (26) 
r ~ 
From eqn. (26) J; can be calculated at different 
,temperatures provided Ir is measuredo For example, at 
0 -5 300 K for V = 1 volt Ir = 1.1 x 10 · amps. and henc~. 
-12 J;, = 9.5 x 10 sec • 
. The values for '%. at different temperaturs. are 
calculated and are plotted in Fig. 14. It is seen from 
this Figure that minority carrier lifetime increase,$ 
with decrease in temperature as expected. Note that 
.~ 
eqn. (26) is valid for temperatures greate~ than or 
' 
equal to 300°K. 
"' . 
l 
.(f!Z.Jf .. ' ,·,·. ' ' , 
I 
·'· 
" 
"' 
'pi 
,I 
-·ii-' 
·, ,, 
• . I,• 
':if 
. / ":'~ 
\"~ 
- 24 -
' 
.. 
•' •" ~~I,' •• 
. _, ,· 
··:' J. 
'• . 
-~· -, -,,-..--,, __________ ... ______ -~ ·- .... __ ... _. .... _.._ ... ·~------L~-~------.. ·-- ·-- ,__ -.. _,,,,_H ___ _ 
' . - . . '. .. - .. -·· ... - ---- --- __ ..... _..,___ -~------~-. . 
r 
·• 
·!'\ 
" 
10-12 
Fig. 14 
l 
....... ._......._.. .•.. 
, 
200 300 
T ~ (°K) 
400 
Temperature dependence of life time of the GaAs 
diode. · 
-------
:~ 
,, 
. . . 
- --- --·- -- .-... ----· ·- ----
I: 
-:. . 
•'' . 
' I 
- 2S -
',-.r·• • 
To obtain 1,; at 190°K different values· of ·w0 and VO should 
be substituted in eqn. (22a)o 
It is found that reccrmbination process depends upon 
' ' .. 
------ ----·the resistivity of the rnaterial5 • For h.igh resistivity 
.. ., .. 
t 
· GaAs material the effect of trapping on recombination is 
~ very small, and recombinat~on is mostly due to radiative 
recombination but for low resistivity material recombination 
N .... , 
··-. occurs mainly due to trapso In the former case the life 
.. -=6 ' time of the order of 10 sec. has been observed but for 
.the later case this value becomes as low as 10-13 sec5 • 
This method of calculating life time is inaccurate, 
but the calculated value of life time was found to be of 
5 9 14 20 the order expected. ' ' ' .. · Efforts wer,e made to check 
' 
this value by measuring switching time without any success. 
From Fig. 15 for high level biasing (biasing above 1.2 
volts) the· slope of V-I characteristics can be shown to be 
equal to 1.~~cording to the calculation of eqn. (25), 
high level injection should be present in this range. But, 
. from~Val~e of slo~e it is s~e~ that high level injection 
·~~-is_absent, since at high level inJection the slope obtained 
... 
is (1/2) {q/kT) = 20 at T = 300°K. 
The low value of slope suggests that at higher voltages 
the currents are limited due to the resistance of the material. 
As- shown in Fig. 15 the diode seems to become resistive, and 
the value of the resistance is about 8n.. 
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The above discussion, shows that GaAs diodes conduct 
~ mainly due to recombination and generation of carriers. 
The same effect is often observed in Silicon also. 
. .. -..... -----=-·-.-::---
. 0 Note the characteristics obtained at T = 77 K. 
Voltages as high as 28 ,,olts ivere applied, but t.he 
recombination. region ivas not noticed. As discussed 
previously, due to-high activation energy of acceptor 
atoms P region becomes intrinsic and space charge 
region does not exist. Hence the currents are only 
due to ohmic drop. The value of this resistance is 
found to be 
V R=y= 1.4 x 107 ohms 
Note that this is of the same magnitude as obtained for 
surface resistivity. 
(27) 
Fig. 16 shows one of the most interesting characteristics 
that can be derived from forward characteristics. Fig. 16 
shows that in the forward direction with the current kept 
constant, the voltage across the diode varies linearly with 
0 0 temperature in the range of L~50 K to 80 K. This result 
suggests that GaAs diodes can be used as precision 
20 
· thermometers. Cohen has observed the same effect for the 
temperature range of 4°K to 300°K with a capability of 
0 temperature resolution of at least+ .01 C. 
-
3.2 REVERSE BIAS 
Reverse characteristics found in Figs. 2, 3 and 4 are 
replotted in Figs. 17, 18 and 19. From these Figures it is. 
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·aeen that V-I characteris.tics may be divided in to two · -· • J t , .• · .. (' 
-4)-, -- ' 
----~ ----- -- - -- ~- - - - - - - -- 'I:/ 
: 
parts, viz., (1) Low and moderate. reverse bias, and 
_(2) Multiplication region. --·~·--·-·· ·--------;,J-·-,---- ·-···· •-···· . - : ' -----·- - - ~y--·------------·-."'1 
At low and moderate reverse biases the diffusion 
curr~nt, J 0 , saturates and is of very small magnitude • 
This saturation current does not vary with voltage since 
~ in eqn. (23) the exponential term approaches zero., 
Generation current, J, may be shown to be11 g 
. -
- . ,_ - - . ·-· 
J = -(qWn./2To) g l. (28) 
J varies with v112 since in a step junction diode g 
space charge width varies in a similar manner. 
Straight line with a slope of 45° in Figs. 17, 18 
and 19 indicate that the diodes operate in a ohmic region 
at low and moderate reverse bias. This also suggests that 
·diffusion as well as generation currents are negligible. 
Hence in eqn.~ (20) only J 8 term is significanto In 
----------- ------
reverse bias, surface c~l:rents are mainly due to generation 
of carriers which follow eqn. (28). Hence ohmic region 
suggests that a surface current at low and moderate 
forward bias are limited by surface resistivity. From 
' ~· 
17, 18 and 19 it can be seen that at low and moderate reverse 
bias currents remain constant over the temperature range 
of 77°K ~ 450°K, which is an added assurance of the conclusion 
reached above. 
( 
The value of surface resistance may be calculated to be~ 
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Note that this value of resia.tance is of the same ,:_ -----·------ ------- · 
order as found at the low forward bias. This further 
assures that.at low bias~ng the currents present are 
limited by surface resistance. This result may be · -
assured by calculat·ing the value of I • For example, g 
0 ' 
at T = 309 K for V = -1 volts eqn. (28) yields 
' 
- ...... . 
r-, .. 
··! ' ' 
·~~· 
... . ~ 
;, 
• • ;,.J 
- ,._.. • - • • c-..-
lg= 1.3 x 10-12 amps. (28a) 
But the measured value at this bias is 
,9 x 10-B amps. Hence the generation currents are 
extremely small. At higher voltages these currents 
could be of significant magnitude, but due to 
multiplication this region is not observed. 
~·. 
At higher voltages multiplication of carriers occur 
and compare to low and moderate reverse bias the currents 
obtained are high. These currents are given by2 
I = Is [exp (qV/kT) -!) M (2a) 
where Mis the multiplication factor. This multiplication 
may occur due to one of the two mechanisms, namely, 
(1) Avalanche mechanisms and (2) Zener effect. As in 
' 
Si and in Ge it has been found that in GaAs break-
down occurs mainly due to avalanche9• 
It has been observed by Pearson and Sawyer7 that for 
a first order approximation, breakdown voltage for Si 
step junction varies linearly with.the temperature, in, 
0 0· 7 the range of -·192 C to 25 C. This is given by 
I: 
.•. 1,-•' --
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VB (T) • VB (T0 ) [_1 + J (T - T0 ~ 
where T = Reference temperature (°K) 0 
. VB (T0 ) = Breakdown voltage; at T = T0 • 
r 
_., ·'"'~-· 
(30) · 
·,;,' ' 
, ...... .J 
For silicon diodes va.l1..1e of p differed for dif ~.e~~n~. 
--?iodes, which they found to be in t~.e range of .. .,,,--, .. 
. '° 
5 x l0-4/c0 to 10 x 10-4/c0 • They have also shown that the 
value of p for graded junction diodes made from the same 
material is 50% lower than for step junction. 
Extending the temperature range and using eqn. (30), 
experimental val&es of} for the GaAs diode can be calculated. 
For example p for 50°c and 110°c is 
~ = 5.28 1c 10-4/c0 (31) 
The value found forf' is well within the range mentioned 
previously for Si diodes. One,might be inclined to jump to 
the conclusion that the diode is a step junction, which might 
( be wrong. It should be pointed out that the value of,,J 
depends on tl1e material and the impurities in it, and 
conclusion of step or graded junction must be made by~ 
capacitance measurementso 
Putting the value of J for any other temperature 
e·qn. (30) should give approximately the same breakdown 
voltage as obtained experimentally. For example, for 
T = 190°K, the above value of/3 gives VB= 11.8 volts. 
• 
The percentage error between measured and calculate1 value 
is only 7 .27%. 
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The calculated values of VB (T) and percentage errors are .. · 
tabulated in Table 1. It is seen that the maximum error 
is found to be 7.27%,.which could be due to measurement 
of breakdown voltage, ,mich is not a 'tv"ell defined point. 
Note that eqn. (30) has been applied for the temperatures 
beyond the range suggested by Pearson and Sawyer for Si · 
step junctions. This shows that for GaAs diodes the 
first order approxi.mation for coefficient of breakdown 
.voltage is valid for higher temperatures. 
, ·. 
TABLE 1 
TEMPERATURE COEFFICIENT OF BREAKDOWN VOLTAGE 
DIODE NO. 31-D-21 ~-
Measured Calculated ,_ -Temperature Breakdown Breakdown CZ, Error (OK) Voltage Voltage 
190° 11 v. 11.8 V. 7.27 % 
300° (21°c) 12 .4 V. 12.45 V. 0.4 % ~ 
323° 12. 6 v. 12.6 v. 
, ] J = 5.28 x 10-4tc0 . ' ,- -. . 383°K 13 .o V. 13.0 v. 
423°K 13.6 v. 13.4 v. 1.47 ,% 
IJ 
gives a higher The value of} is positive, which 
breakdown voltage at higher temperature. This result 
may be explained in the following manner. 
D 
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The mechanism of multiplication depends on (1) Kinetic 
. ' 
' 
. 
' - -\_ energy of the carriers and (2) Thef probability of, collision •. 
Note that multiplication mechanism does not depend on 
• 
t. 
, the conductivity of the material. Assuming that the 
probability of collision remains relatively constant 
with temperature, the multiplication mechanism will 
depend on kinetic energy only. This energy depends on 
velocity, which is give·by 
--- ~ - ·~-- ·- ---- --·- -
-. 
.. (32) .... 
Moti.ility,.,;", is a macroscopic quantity and depends 
on carrier relaxation time jo This time depends on the 
purity of the material and different scattering mechanisms. 
., For Ga.As the polar scattering and ionized impurity scattering 
mechanisms are found to be dominating in the temperature 
range of 60° - 500°K5 • Ignoring other mechanisms 
expression for mobility is found to be5 
Subscripts n and p indicate electron and hole 
mobilities respectively. The values of mare experimentally 
found to be in the' range of 1.0 - 2. 15• The general shape 
- of mobility is shown in Fig. 205 • Hence for the same kinetic 
energy higher voltages must be applied and it is reasonable 
to expect the value of/' to be positive. 
Note that at 190°K breakdol'm was observed, but a~ liquid 
0 nitrogen temperature (77 K)_there was no breakdown. 
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.. Thia result is consistent with the results· obtained before, 
since the absence of breakdown proves that at T • 77°K 
P-N junction does not exist. 
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_ -4. · CONCLUSION · -- --~~-- - ---• . -- -- . - - .,._ - -- - . - -
• 
In spite of the complexity of the Ga.As material,it 
bas been found that the first or~er theory gave reasonable 
results. It has also been found that GaAs diodes seem to 
conduct mainly due to recombination and generation of carrie~s. 
·' The life times obtained from recombination currents were 
of very small magnitudes and were found to decrease vii.th 
increase in temperature. 
From the discussion it is seen that only the surface 
currents were present at low bias. These currents were 
of very small magnitude compare to the currents found in 
Si and Ge diodes. 
The GaAs diodes showed the change in its V-I· 
characteristics due to aging., After passing 3 m.a. for 
24 hrs. the characteristics were changed. But, after 24 
hrs. of aging the characteristics did not change and diode 
had stabilized. 
From qharacteristics analyzed it C}ln be seen that GaAs 
is one of the most promising material for high frequency 
and for high temperature operations. From the calculation 
of capacitance at zero bias i~ is seen that application 
in microwave range is possible. GaAs diodes were found to . ~ 
' 
behave satisfactorily only to 450°K, due to contacts. 
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